Abstract Sentinel Lymph Node (SLN) biopsy using a combination of radioisotopes and blue dyes have a good accuracy rate in predicting subclinical neck nodal metastases in head and neck cancers. However, the limited availability of lymphoscintigraphy facilities in India requires exploration of alternative methods of SLN detection. We evaluated the feasibility of using methylene blue dye alone in detecting SLN in cN0 early oral cancers. 32 patients with cN0 early (T1, T2) oral squamous cell cancers underwent SLN biopsy using peri tumoural methylene blue dye injection. Blue dye stained (SLN) nodes were sent for frozen section analyses. Patients who had microscopic metastases in SLN underwent modified radical neck dissections and the rest underwent selective neck dissections. Paraffin sections and IHC studies were done on all nodes. SLN was identified in 29 patients (Identification rate= 90.6 %) of which SLN was positive for metastases on frozen section in 5 patients. The sensitivity, specificity and NPV of SLN with frozen section were 80 %, 95.8 % and 95.8 % respectively. IHC with cytokeratins increased the sensitivity (100 %) and NPV (100 %) at the loss of specificity (87.5 %). Methylene blue dye alone can be successfully used for SLN identification in early oral cancers with a good accuracy and sensitivity. This method will be of use especially in resource limited countries and centres where nuclear medicine facilities are not widely available. However, it has to be validated by larger randomised multi institutional trials for wider applicability. Immunohistochemistry increases the sensitivity and negative predictive value of SLN but its applicability in real time decision making is limited.
Introduction
Oral cancers are one of the most common cancers and a leading cause of cancer related mortality in India [1, 2] . The primary lymphatic drainage of oral cancers is to the neck nodes. The incidence of neck nodal metastases depends on various factors like stage, sub site, depth of infiltration, differentiation, etc. and varies between less than ten percent to up to fifty percent [3] . The treatment of neck in clinically node negative (cN0) early oral cancers remains controversial and the choice of treatment depends mostly on the treatment of the primary, physician preference, facilities available, etc. [3] [4] [5] [6] . The problem in these patients with cN0 disease is to know whether the nodes are truly negative or harbour occult metastases. The chance of occult or subclinical nodal metastases in cN0 early oral cancers can be up to 3% [3, 7] . Often such a patient is either undertreated or over treated for the neck.
Oral cancers have sequential lymphatic spread which makes them a good candidate for sentinel node studies. In patients with cN0 treated with surgery, it would be ideal to do a neck dissection only in SLN positive patients and spare its morbidity in the rest. Most SLN studies in oral cancers use lymphoscintigraphy with radio labelled particles and gamma probe localisation combined with a blue dye injection [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . However lymphoscintigraphy and nuclear medicine facilities are not widely available in India [20] . Therefore alternate techniques for SLN Biopsy need evaluation.
Methylene blue is a low cost, less allergic and effective dye that has shown promising results in SLN studies in breast cancer when used alone or in combination with lymphoscintigraphy [21] [22] [23] [24] . In this study, we evaluated the feasibility of using methylene blue dye alone in identifying sentinel nodes in early oral cancers.
Patients and Methods
We conducted a prospective study of SLN Biopsy with methylene blue dye injection in 32 clinically node negative (cN0) early oral cancer (T1, T2 squamous cell carcinoma) patients treated with surgery in our hospital between 2010 and 2012. Exclusion criteria included oral cancer patients with T3&T4 cancers, clinical node positivity, lesions in or crossing midline, with previous surgery/scar in the neck, with previous history of neck irradiation and medically unfit patients. Institute ethics committee approval was obtained and informed consent taken from all patients. Evaluation included history, clinical examination, ultrasound and CT scans of the neck, chest X ray and blood analysis as appropriate. Clinical N0 was confirmed by independent neck examinations by two consultants and ultrasound of the neck. The patients underwent surgery after pre anaesthetic evaluation.
Under general anaesthesia, methylene blue dye was injected peritumourally (0.5 ml each in 3, 6, 9 &12 O'clock positions). Surgery for the neck was done first. A modified curvilinear neck incision was made from mentum to mastoid curved along the upper border of hyoid and midpoint of sternocleidomastoid (Fig. 1 inset) . Flaps were raised using electrocautery. Systematic evaluation of levels IA, IB, IIA, IIB, III & IV nodes was done. Sentinel node (s) were identified by the blue dye staining within 12-20 min. SLN were dissected and sent for frozen section (FS) (Fig. 1) .
If SLN was negative on Frozen Section (FS) the patient underwent selective neck dissection (SND-Extended Supra Omohyoid Neck Dissection). If SLN was positive on Frozen section (FS), the patient underwent a type I Modified Radical Neck Dissection (MRND-I preserving the spinal accessory nerve) by converting the incision to a modified Crile's incision by the addition of a vertical limb. Surgery for the primary was then completed. All nodes in Levels I, IIa, IIb, III, IV (and V in MRND-1) including SLN (blue dye stained nodes) were dissected, marked separately ( Fig. 2 ) and sent for histopathological examination (HPE) with serial step sectioning of paraffin fixed specimens and H&E (IHC) for cytokeratins.
The primary aim of the study was to analyse identification rates, sensitivity, specificity and negative predictive value (NPV) of SLN using methylene blue dye and frozen section. Statistical analysis was done using SPSS 16 (IBM Inc, USA) and EXCEL 2007 (Microsoft, USA).
Results
The mean age of patients was 43 years (range: 26-70 years). General patient characteristics are shown in table 1. The most common sub sites were tongue (56 %) and buccal mucosa (22 %). Sixty percent (n=19) of the patients were tobacco/ betel users and 31% (n=10) were alcoholics.
SLN Identification
SLN was identified in 29 patients (SLN identification rate: 29/32=90.6 %). A total of 707 nodes were dissected in 32 patients, of which 50 nodes (in 29 patients) were blue dye stained (SLN). In 21 patients (72.4 %) more than one SLN was identified. Mean SLN yield was 1.56 (median=2) with the highest yield in RMT cancers (mean =2.25). SLN was positive in 5 patients (5/32=15.6 %) and 8 nodes (8/50=16 %) on frozen section (Table 2) . These patients underwent MRND-1. Three out of 5 patients had SLN as the only site of metastases (Table 3) . No blue bye stained nodes (SLN) were identified in Level IIB and IV. None of the non SLN nodes in Level IIB and IV had metastases on HPE and IHC. There were no skip metastases, extra nodal disease or overflow phenomenon.
SLN Accuracy
Frozen section (FS) had one false positive and one false negative result on final HPE. The patient (patient 5, table 3) with false negative SLN had the SLN as the only nodal site of metastasis. IHC for cytokeratins showed three more patients (including the above patient) with micro metastases only in SLN nodes. Since these patients had micro metastases only in the SLN, it was decided that they do not undergo MRND or receive adjuvant radiotherapy and be in close follow up. The patient (patient 6, table no. 3) with false positive SLN (both IHC and HPE negative, pT1N0) did not receive any adjuvant therapy.
Considering HPE on paraffin fixed blocks as gold standard, FS had a sensitivity, specificity and NPV of 80 %, 95.8 % and 95.8 % respectively. IHC with cytokeratins increased the sensitivity (100 %) and NPV (100 %) of histopathology at the loss of specificity (87.5 %) and PPV (62.5 %) ( Table 4) .
Patient Follow up
All SLN positive patients are alive with no disease on follow-up (mean: 18 months, range [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] . Two other patients, both with tongue cancers (one with isolated tumour cells on IHC) developed contra lateral nodal recurrence (4 months and 8 months respectively). Both patients had no SLN/non SLN positive nodes initially. They underwent contra lateral MRND and neck irradiation at the time of diagnosis of recurrence. One patient, also with tongue cancer had a local recurrence post Hemiglossectomy (rcT2N1M0). She underwent wide excision with MRND-1 with neck irradiation. 
Discussion
Sentinel Lymph Node Biopsy (SLNB) is not the standard of care in oral cavity cancers [19] . However, multiple single institution studies [8] [9] [10] [11] [12] [13] [14] [15] [16] and two multi institution studies [17, 18] have successfully demonstrated its feasibility in oral cancers with high detection rates (around 95 %) and negative predictive values (88-100 %). Three meta analyses by Paleri et al. [20] , Govers et al. [21] and Thompson et al. [22] based on pooled data samples have also confirmed its use in the staging and treatment of early stage head and neck cancers. SLNB is a technically demanding procedure, has a longer learning curve, requires expertise and facilities like lymphoscintigraphy, gamma camera, etc. The advantages of SLNB include less morbidity and better cosmetic outcome with comparable local failure and 2-year survival rates [23] .
The current NCCN guidelines [24] for oral cavity cancers recommend offering SLN in T1/T2 N0 oral cancers as an alternative to elective neck dissection in centres with adequate expertise and facilities. NCCN guidelines recommend completion of neck dissection in patients who have metastatic disease in the sentinel node (pSLN+) and in patients in whom SLN was not detected. Sentinel node negative patients (pSLN0) may be observed with the caveat that there are no adverse features like extra capsular spread, perineural invasion, lymphovascular space invasion, positive margins, etc. Further, it advises caution when using the procedure in sub sites like floor of mouth, palate and gingiva.
Most SLN studies in oral cancers use lymphoscintigraphy with radio labelled particles with gamma probe localisation and blue dye injection [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . However lymphoscintigraphy and nuclear medicine facilities are not widely available in India [25] . SLN identification in breast cancer using blue dye alone has been widely reported with identification rates slightly inferior or equal to combined techniques [26] [27] [28] [29] . Methylene blue has been shown to be an effective and safer alternative to isosulphan blue dye in breast cancer SLN studies [28, 29] . There are very few studies that assess the feasibility of using blue dye alone in detecting SLN in oral cancers [30] . We used methylene blue dye for the study because of its lower cost, easier availability, good safety profile and comparable efficacy. In our study, the SLN identification rate using methylene blue alone was 90.6% (n=29/32), which is comparable to the identifications rates in other SLN studies in oral cancers (92-100 %) [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . In 72% (n=23) of patients, more than one SLN were identified in the same level or in more than one level. Age (P=0.11), sex (P=0.56), tumour subside (P=0.9), T stage (P=0.7), tumour grade (P=0.9), Tobacco/Betel use (P=0.5) or alcohol use (P=0.6) did not affect SLN identification rate.
It is prudent to mention here that we did have a learning curve in dye injection, SLN identification and dissection. All three patients in whom no SLN were identified were during the first half of the study. The time taken to identify SLN also varied between 12 and 20 min from dye injection. We especially experienced difficulty in dye injection in hard palate, RMT and alveolar lesions.
There has been considerable debate regarding the method of pathological evaluation of SLN. Imprint Cytology, H&E staining in paraffin embedded blocks, Serial step sectioning of the paraffin blocks and Immunohistochemistry have been compared in their ability to detect occult metastases. Imprint Cytology and Frozen section are usually inferior to serial step section and IHC studies [30, 31] . We used frozen section to evaluate metastases in SLN and compared it with HPE based on serial step sectioning and IHC for cytokeratins. The sensitivity, specificity and NPV of 80 %, 95.8 % and 95.8 % respectively of FS with methylene blue alone are also comparable to SLN studies using both radio colloid and blue dye [8] [9] [10] [11] [12] [13] [14] [15] [16] .
IHC improves SLN accuracy and NPV. However, the importance of micro metastases/isolated tumour cells detected by IHC only is debatable [30] with some authors like Broglie et al. [11] favouring completion of neck dissection as further treatment and others like Chone et al. [16] against it. Also, it is not feasible to apply IHC studies for "on table" decision making during SLNB as done with FS. In our study, IHC for cytokeratins revealed micro metastases in SLN in 3 additional patients which were not detected by FS or HPE. This increased the sensitivity (100 %) and NPV (100 %) at the cost of specificity (87.5 %) and PPV (62.5 %). These three patients with IHC only micro metastases did not receive any adjuvant treatment and one patient developed contra lateral nodal recurrence during follow up. Thus the role of IHC detected micrometastases/isolated tumour cells in staging and their optimal treatment needs further evaluation.
The seemingly high false negativity of 20 % (n=1) is probably due to the small study population. However relapse/recurrence in the neck (2/29=6.9 %) is comparable and acceptable.
One important finding in our study was the absence of SLN/non SLN positive nodes in Level IIB in any patient in spite of 98 nodes (mean=3.1) being dissected. Similar low incidences of level IIB nodal metastases in early oral cancers have been reported [32, 33] . Level IIB node dissection leads to an increased incidence of spinal accessory nerve injury [34] 25 . Similarly, we did not have any SLN positive nodes in Level IV, even in tongue cancers. Though the number of patients in our study is small to show significant differences, these issues definitely have to be revisited in a larger trial setting.
We would like to emphasize the limitations of using methy l e n e b l u e d y e a l o n e f o r S L N B . W h i l e u s i n g lymphoscintigraphy, the size of the neck incision can be minimised over hot spots before extending it for formal neck dissections. However, the mandatory elevation of the neck flaps before SLN identification while using methylene blue alone probably negates the idea of less morbidity associated with SLNB. The other drawbacks are the inability to evaluate the contra lateral neck and the chance of missing some deeper nodes. In our study, two patients developed contra lateral recurrence on follow-up.
Larger multi institutional trials will help us to better understand and address the drawbacks of this technique for its widespread applicability in decision making especially in countries like India where lymphoscintigraphy is not widely available.
Conclusion
Methylene blue dye alone can be successfully used for SLN identification in early oral cancers with a good accuracy and sensitivity. This method will be of use especially in resource limited countries and centres where nuclear medicine facilities are not widely available. However, it has to be validated by larger randomised multi institutional trials for wider applicability. Immunohistochemistry increases the sensitivity and negative predictive value of SLN but its applicability in real time decision making is limited.
